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(54) Safety lielmet and a head protector therefor 

(57) A head protector for a safety helmet, in which 
its impact-on-the-head absorbing liner comprises a 
main liner member and an inner subsidiary liner mem- 
ber, whose density is lower than that of the main liner 
member, a recess is provided in the inner surface of the 
main liner member, and the inner subsidiary liner mem- 



ber is fitted into the inner recess. Owing to this head 
protector, the rigidity of the whole of the impact-on-the- 
head absorbing liner is not so reduced and, neverthe- 
less, both the maximum acceleration and the HlC of the 
head protector due to impact are effectively lowered. 
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Description 



TECHNICAL FIELD 

5 [0001] This invention relates to a head protector for a safety helmet, comprising an outer shell made of hard mate- 
rial and an impact-on-the-head absorbing liner arranged on the inside of the outer shell, and to a safely helmet which 
includes the above head protector. 

Background of the Invention 



[0002] Well-known is a safety helmet, such as Jet-type one, semi-jet-type one or full-face-type one, which includes 
a head protector (hereinafter described in this text only as "head covering"), which is used to protect the head of a man 
with a helmet on, such as a rider on a motor-bicycle (they are hereinafter described as "a rider or the like"). The con- 
ventional jet-type, semi-jet-type, or full-face-type helmet has generally a head covering and a pair of right and left chin 

15 straps, which are secured on the Inside of the head covering, and typically constituted as follows. 

[0003] The head covering has a cut (in the case of the jet-type or seml-jet-type helmet) or an opening (in the case 
of the full-face-type helmet), which is formed in the front of a part between the forehead and the chin (that is, the face). 
The jet-type or the semi-jet-type helmet further has a visor, which is secured to the head covering adjacent to the upper 
edge of the recess. The full-face -type helmet further has a shield plate, which is secured to the head covering so as to 

20 be movable between a lower position, where it closes the opening, and a upper position, where it opens the opening. 
The shield plate can be used for the jet-type helmet and the semi-jet-type helmet, for example in lieu of the visor. In that 
event, the shield plate can open and close the recess. 

[0004] The head covering comprises an outer shell, which forms the outer peripheral wall of the head covering; a 
rim member; and a backing member, which is brought into contact with the inner surface of the outer shell and fixed by 

25 adhesive or so. The rim member is fixed to the rim of the outer shell by adhesive or so. so that all the rim of the outer 
shell (in the case of the full-face-type helmet, all the rim of the opening is also included) is put between the rim member. 
The backing member includes backing member for the head, which is to be faced the sinciput, the vertex, the temples 
and the occiput. The backing member of the jet-type or the semi-jet-type helmet further includes two backing members 
for the two ears, each of which is to be faced the ears, or the backing member for the head is integral with backing mem- 

30 bers for the ears. The backing member of the full-face-type helmet further includes a backing member for the chin, 
which is to be faced to the chin. 

[0005] The backing member for the head comprises an impact-on-the-head absorbing liner and an air permeable 
back cover. The back cover for the head is secured to the impact absorbing liner by an adhesive or a tape so that the 
back cover for the head covers the inner surface of the impact absorbing liner (sometimes, an area to be faced the ver- 

35 tex of the rider or the like's head is partially excluded), the side surface (that is, a nan-ow surface lying between the inner 
surface and the outer surface), and the periphery of the outer surface which extends from the side surface. The impact 
absortDing liner is made of foamed synthetic resin, such as polystylene, polypropylene or polyethylene. The backing 
member for the jaw also has substantially the same structure as that of the backing member for the head except for hav- 
ing such a shape as to correspond to the rider or the like's jaw. If necessary, a pair of right and left blockish inner pad 

40 is sticked on a part of the inner surface of the impact-on-the-jaw absoriaing liner (for example, two areas to be faced the 
rider or the like's cheeks). Thus, this blockish inner pad is positioned between the impact-on-the-jaw absorbing liner and 
the back cover for the jaw. The backing member for each ear also has substantially the same structure as that of the 
backing member for the head or jaw except for having such a shape as to con'espond to the rider or the like's ear. 
[0006] When impact is exerted on a part of the outer shell of the conventional safety helmet typically constituted as 

45 above, the impact is widely dispersed throughout the outer shell and the impact energy is absoriaed by the deformed 
outer shell. Further, the impact absorbing liner functions in absorbing the impact energy propagated from the outer shell 
by means of its deformation, absorising the impact energy by means of its thickness reduction (that is, compressive 
deformation), and lowering the maximum acceleration due to the impact by means of delaying the propagation of this 
impact energy exerted on the rider or the like's head. In this text, the "maximum acceleration" means the maximum 

50 value of the acceleration through an impact absorbing test for the helmet. 

[0007] Up to nowadays, the above impact absorbing test has been made to ascertain the protective characteristic 
of the safety helmet In this impact absortDing test, a metallic head model imitating the head of a man with a helmet on 
is used, in which an accelerometer is incorporated. A standard on the maximum acceleration measured with the accel- 
erometer has been adopted In each country. Further, an index of HIC (Head Injury Criteria) has been proposed on the 

55 basis of correlation between the mean acceleration value of a certain duration and the duration of the appearances of 
values continuously over this mean acceleration value, and the brain damage. HIC is given by: 
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where a(t) is the change of acceleration value with time during the impact absorbing test, and t^, t2 are the time, each 

maximizing the HIC value. 

[0008] The HIC value has been considered to have good correlation with the level of the injuries suffered in an acci- 
dent. According to Mr. RD. Hope of Transport and Road Research Laboratory established in England, in an accident on 
10 the motor-bicycle, when the HIC value is 1 ,000, the probability of mortalrty is 8.5%; when the HIC value is 2,000, the 
probability of mortality is 31%; and the HIC value is 4,000, the probability of mortality is 65%. Therefore, it Is necessary 
to lower the HIC value in order to lower the level of the injuries. 

[0009] As described above, it is necessary to lower the maximum acceleration value and the HIC value due to the 
impact, if it is desired to improve the protective characteristic of the safety helmet. Such being the case, in order to lower 
15 the maximum acceleration value and the HIC value, the thickness of the impact absorbing liner has been increased so 
far. 

[0010] However, only to increase the thickness of the impact absorbing liner is insufficient for the reduction of the 
maximum acceleration value and, particularly, difficult for the reduction of the HIC value. The HIC value includes the 
duration of the appearances of values continuously over a specific acceleration value, so that even if the maximum 
20 acceleration value is a little lowered due to a cushion characteristic of the impact absorbing liner, it is impossible to 
shorten the duration of the appearances of values continuously over the specific acceleration value. Thus, it is impos- 
sible to reduce the HIC value. 

Summary of the Invention 

25 

[0011] Accordingly, it is a main object of the present invention to provide a head covering for a safety helmet-.in 
which both maximum acceleration values and HIC values caused by an impact are effectively lowered without reducing 
particularly the rigidity of an impact-on-the-head absorbing liner. 

[0012] It is another object of this invention to provide a head protector for a safety helmet, which has good ventila- 
30 tion. 

[0013] In accordance with one aspect of this invention, in a head protector for a safety helmet, comprising an outer 
shell made of hard material and an impact-on-the-head absorbing liner arranged on the inside of the outer shell; the 
impact absorbing liner comprises a main liner member and an inner subsidiary liner member, whose density is lower 
than that of the main liner member, and provided in the inner surface of the main liner member is an inner recess, into 

35 which the inner subsidiary liner member is fitted. In that event, it is desirable that the respective inner recess and inner 
subsidiary liner member are provided only substantially in the inner surface of the top portion of the Impact absorbing 
liner and each of them is of substantially elliptical, substantially elongated circular or substantially circular shape. 
[0014] In accordance with another aspect of this invention, In a head protector for a safety helmet, in which the inner 
recess and the inner subsidiary liner member are provided, the impact absorbing liner further comprises an outer sub- 

40 sidiary liner member, whose density lies between the densities of the main liner member and the inner subsidiary liner 
member, and provided in the outer surface of the main liner member is an outer recess, into which the outer subsidiary 
liner member is fitted. In that event, it is desirable that at least one vent hole is fomned between the main liner member 
and the outer subsidiary member. Further, it is desirable that the respective outer recess and outer subsidiary liner 
member are disposed from the front portion to the rear portion through the top portion of the outer surface of the impact 

45 absorbing liner but not disposed substantially in the right and left portions thereof and that, when developed, they are 
of substantially rectangular, substantially elliptical or substantially elongated circular shape. 

[001 5] The above, and other, objects, features and advantages of the present invention, will become readily appar- 
ent from the following detailed description thereof which is to be read in connection with the accompanying drawings. 

50 Brief Description of the Drawings 

[0016] 

Figure 1 is a bottom view of a head covering according to one embodiment of this invention, the back cover thereof 
55 being partly broken away and both base portions of a pair of right and left chin straps being added; 

Figure 2 is a right side view, partly in section, of the head covering shown in Figure 1 , the back cover thereof being 
omitted and the upper portion thereof being shown by a longitudinal sectional view taken along with the line A-A on 
Figure 1; 
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Rgure 3 is an exploded, perspective view, in section, of the head covering shown in Figure 1 ; 

Rgure 4 is a projection representation, projected on the horizontal plane, of the bottom surface of the impact-on- 

the-head absorbing liner shown in Figures 1-3; 

Figure 5 is a right side view, partly broken away and partly in section along the vent hole, of a head covering accord- 
ing to another ennbodiment of this invention; 

Figure 6 is a plan view of the impact-on-the-head absorbing liner of Figure 5, the outer subsidiary liner member 
being shown in dot-and-dash lines; and 

Figure 7 is an exploded, perspective view of the impact-on-the-head absorbing liner, the inner and outer subsidiary 
liner members of Figure 5 each being turned upside down. 

Detailed Description of the Invention 

[0017] Firstly, a head covering shown in Figures 1 -4 according to a first embodiment of this invention will be here- 
inafter described. As shown in Figures 1 and 2, this head covering 10 is used for making up a jet-type safety helmet, so 
that this helmet has not only the head covering 10 but also a pair of right and left well-known chin straps 1 1 a, 1 1 b, the 
base ends of which are secured on the inside of the head covering 1 0, respectively. The helmet may also have a well- 
known visor or a well-known shield plate (not shown). Shown in Figure 2 is the head covering Just at the time when a 
rider or the like with the helmet on is in an ordinary stance (in this text, described hereinafter as "the head covering worn 
in the ordinary stance"). 

[0018] As shown in Figures 1 and 2, the head covering 10 comprises a domelike outer shell 12 fomning the outer 
peripheral wall thereof; the hereinbefore described well-known rim member 1 3; a backing member 14 for the head fixed 
on the inside of the outer shell 1 2 by adhesive or the like; and backing members 16,17 for the right ear and the left ear. 
[0019] The feature of this invention is in the structure of an impact-on-the-head absortDing liner 15, and the other 
stmctures may be the same as those used in the hereinbefore described well-known helmet, so that the description of 
the other structures will be ungiven except necessity arises. 

[0020] When an impact is exerted on a part of the outer shell 12, the impact must be widely dispersed throughout 
the outer shell and the impact energy must be absorbed due to the defomnation of the outer shell 12, so that the outer 
shell 12 should have high rigidity and high breaking strength. Thus, the outer shell 12 may be made from strengthened 
rigid resin obtained by curing a mixture of reinforcing material, such as glass fiber, carbon fiber, high strength organic 
fiber or the like, and thermoset resin, such as unsaturated polyester resin, epoxy resin or the like. The outer shell 12 
may also be made from strengthened rigid resin obtained by hot forming of a mixture of the above reinforcing material 
and thermoplastic resin, such as polycarbonate or the like. Further, the outer shell 12 may also be made from compos- 
ite material obtained by backing those rigid resins with a soft sheet like an unwoven fabric sheet. 
[0021] It is preferable that the thickness of the outer shell is 1-6 mm and it is much preferable that the thickness is 
2-5 mm. It is not desirable that the thickness is outside the above range. That is, the smaller the thickness is, the lower 
the rigidity of the outer shell 1 2 is. and the larger the thtekness is, the heavier the outer shell 1 2 is. 
[0022] The backing member 1 4 for the head may have a shape abutting substantially on the whole of the inner sur- 
face of the outer shell 1 2 but, in the first embodiment, the backing member 1 6 for the right ear and the backing member 
1 7 for the left ear may be fonmed separately therefrom as shown in Figure 1 . In the case of the latter, the backing mem- 
ber 14 for the head has such a shape as to have portions, which are faced the inner surfiace of the outer shell 12 and 
yet faced each the rider or the like's right and left ears, cut 

[0023] The backing member 14 for the head shown in Figure 1 comprises an impact-on-the-head absorbing liner 
1 5, which has such a shape as to have portions, which are faced the inner surface of the outer shell 12 and yet faced 
each the rider or the like's right and left ears, cut, and an air permeable back cover 18 for the head, which covers the 
inner surface of the liner 1 5. In Figures 1 and 2, this back cover 1 8 for the head is cut off and omitted in the range cor- 
responding to the top portion of the liner 15, which is to be faced the rider or the like's vertex. 

[0024] The backing member 16 for the right ear and the backing member 17 for the left ear comprise an impact 
absorbing liner for the right ear and an impact absorbing liner for the left ear (both are not shown); a blockish inner pad 
for the right ear and a blockish inner pad for the left ear (both are not shown) provided on the inner surfaces of the 
respective impact absorbing liners, and made of flexible elastic material like urethane foam, other synthetic resin or the 
like; and an air permeable back cover 1 9 for the right ear and an air permeable back cover 20 for the left ear which cover 
not only those pads but also the respective impact absorbing liners for the right and left ears from the inner surface 
sides thereof. The pair of right and left chin straps 1 1 a, 1 1 b described hereinbefore are secured to the backing mem- 
bers 16, 17 for the right and left ears, respectively. 

[0025] The impact-on-the-head absorbing liner 15 must be defonned to absorb the impact energy propagated from 
the outer shell 12, and must reduce its thickness to absortj the impact energy and to delay transmission of the impact 
energy to the rider or the like's head, so that the liner 1 5 should have a suitable plastic deformation rate and a suitable 
elastic defomnation rate. 
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[0026] The head covering 1 0 has five areas: a front portion to be faced the rider or the like's sinciput, a top portion 
to be faced the rider or the like's vertex, right and left side portions to be faced the rider or the like's right and left tem- 
ples, and a rear portion to be faced the rider or the like's occiput, and the top portion of the liner 10 is substantially of 
hemispherical shape and connected to the front portion, the right and left portions and the rear portion, so that the 

5 strength of the top portion is highest among alt the portions. In the case of the alt type helmets: the jet-type, the semi- 
jet-type and the full-face-type helmets, the rear portion of the head covering 10 extends much downwards and is con- 
nected to the top portion and both the right and left portions, so that it has the second strength among the ail. As stated 
before, the front portion of the head covering 10 has the cut 25 or the opening and, as the case may be, has a ventilation 
mechanism, so that its strength is lowest. Further, the right and left side portions of the head covering 10 are located 

70 adjacent to the cut 25 or the opening, so that its strength is higher than the one of the front portion but considerably 
lower than the one of the rear portion. 

[0027] As described above, the top portion of the conventional head covering 10 has the highest strength among 
the all and is of hemispherical shape, so that it is not deformed effectively due to the impact energy transmitted from the 
outer shell 12. Thus, when an impact test is made under the same condition, the maximum acceleration value and the 

15 HIC value of the top portion tends to be higher than the ones of the other portions (the front portion, the right and left 
portions and the rear portion). Therefore, to disperse the impact energy exerted on the head covering 1 0; to make it 
absorb effectively and, thereby, to reduce its maximum acceleration value and its HIC value, it is necessary that, in the 
top portion of the head covering 10, the impact absorbing liner 15 is deformed due to the impact so as to disperse the 
impact energy and make the liner 15 absorb It, and the thickness of the liner 15 is effectively reduced so as to enable 

20 the liner 1 5 to absorb effectively the impact energy. 

[0028] Such being the case, as shown in Figures 1-4, the impact-on-the-head absorbing liner 15 disclosed in the 
first embodiment of this invention comprises: 

(1) main iiner member 32, in the inner surface of substantially the central portion (that is, substantially the top por- 
25 tion) of which is disposed a substantially elliptical or elongated recess 31 , whose major axis substantially coincides 

with the longitudinal axis of the head covering 10, and — ^ - 

(2) inner subsidiary liner member 33 fitted into the recess 31 so as to be secured to the main liner member. 



[0029] It is requested that either of the main liner member 32 and the inner subsidiary liner member 33 have suita- 
30 ble plastic and elastic deformation rates, so that it is preferable that they are made of foamed plastics, such as polysty- 
len foam, polypropylene foam, polyethylene foam orthe like. Further, it is desirable that both these members 32, 33 are 
made of the same material, but they may be made of different materials. In these foamed plastics, generally the density 
(g/lit) is substantially proportional to the compression strength (kg/cm^) and the bending strength (kg/cm^), and the den- 
sity influences the impact absorbing ability and the transmission ability. 
35 [0030] In this invention, it is required that the compression strength and the bending strength of the inner subsidiary 
liner member 33 are lower in comparison with those of the main liner member 32, so that the density of the inner sub- 
sidiary liner member 33 is lower than that of the main liner member 32. 

[0031] It is desirable that the respective configurations of the recess 31 and the inner subsidiary liner member 33 
are substantially elliptical (including circular) or elongated and they are longer in the longitudinal or lateral direction, but 

40 they may be substantially polygonal, substantially star-like or suitably shaped. Further, it is desirable that the configura- 
tion of the inner subsidiary liner member 33 substantially coincides with that of the recess 31 , or smaller than but similar 
to that of the recess 31 . But it is not always necessary to be so. The inner subsidiary liner member 33 can be secured 
to the main liner member 33 by an adhesive or a tape, but it may be secured only by means of being fitted into the 
recess 31 of the main liner member 32 so as not to be easily separated. 

45 [0032] It is preferable that the density of the main liner member 32 is generally within the range of 20-80 g/lit, and 
it is much preferable that the density is within the range of 30-70 g/lit. As the density is larger over the above range, the 
impact-on-the-outer-shell absorbing ability of the main liner member 32 becomes smaller, so that most of the impact 
energy is transmitted directly to the rider or the like's head. As the result, the maximum acceleration of the head 
increases, so that the protection effect of the helmet becomes insufficient. On the contrary, as the density of the main 

50 liner member 32 is smaller below the above range, its impact absorbing ability becomes larger, so that the deformation 
of the main liner member 32 due to the impact becomes too large to prevent damage easily. 

[0033] Particularly, if a colliding object is of spherical or dully protruding shape and, yet, the density of the main liner 
member 32 is too low, the impact energy transmitted from the outer shell 1 2 to a part of the main liner member 32 is not 
effectively dispersed widely in the main liner member 32 but exerted on its extremely limited area, so that the main liner 
55 member 32 is deformed and compressed (that is, its thickness decreases) within the extremely limited area. As the 
result, a so-called bottoming phenomenon comes and a large force is exerted on the head. To prevent the bottoming 
phenomenon, it is necessary to increase the original thickness of the main liner member 32 (that Is, the thickness of the 
main liner member 32 at the time when the recess 31 is not disposed and, instead thereof, there exists a part, in itself, 
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of the main liner member 32 so that its inner surface 23 may be substantially of semispherical shape). However, as the 
thickness of the main liner member 32 increases, the head covering 10 is too large, so that it becomes difficult to wear 
the helmet, or the wind pressure on the helmet much increases. Thus, it is of little utility. Therefore, it is preferable that 
the original mean thickness of the main liner member 32 at the time when it is assumed that the recess 31 is not pro- 
5 vided is within 15-55 mm and it is much preferable that the mean thickness is within 25-45 mm. 

[0034] The recess 31 can be formed concurrently when the main liner member 32 is foam-molded in a mold, or it 
can be formed by machining after the foam molding of the main liner member 32. 

[0035] The above description of the material and density of the main liner member 32 will be applicable to the 
impact absorbing liner for the right and left ears. 

10 [0036] It is preferable that the density of the Inner subsidiary liner member 33 is generally within the range of 20- 
80% of that of the main liner member 32. It is much preferable that it is within the range of 35-65%. Concretely speaking, 
it is preferable that the density of the Inner subsidiary liner member 33 is within the range of 5-50 g/lit. It is much pref- 
erable that it is within the range of 1 0-40 g/lit. As the density of the inner subsidiary liner member 33 increases over the ^ 
above range, the effect of providing the inner subsidiary liner member 33 becomes insufficient. On the contrary, as the 

15 density of the inner subsidiary liner member 33 decreases below the above range, its impact absorbing ability becomes 

poor, so that when the spherical or dully protruding object collides, the possibility of the eariy occun-ence of the bottom- ^ 
ing phenomenon increases. 

[0037] Rgure 4 is the projection representation of the bottom surface of the impact-on-the-head absoriaing liner 1 5 
at the time when the head covering 10 worn in the ordinary stance is projected on the horizontal plane 22. As shown in 
20 Figure 4, the recess 31 and the inner subsidiary liner member 33 in the projection representation may be each substan- 
tially similar in shape to and that substantially concentric with the space 21 , to be occupied by the head, of the liner 1 5 
(in other words, the main liner member 32). 

[0038] In the projection representation of Figure 4, it is preferable that length L2 along the longitudinal direction (ver- 
tical direction in Figure 4) of the recess 31, and length Wg along the lateral direction (horizontal direction in Figure 4) 

25 thereof are 40-80% of the longitudinal length of the space 21 (that is L^iL^ - 0.4 - 0.8 ), and 45-85% of the lateral 
length of the space 21 (that is W g/W ^ = 0.45 - 0.85 ). It is much preferable that Lg and Wg are 60-70% of Li (that 
is Lg/L 1 = 0.5 - 0.7 ) and 55-75% of (that is Wg/W ^ = 0.55 - 0.75 ). Thus, it becomes possible to provide the 
recess 31 in the head covering 1 0, so that the recess 31 may be to face substantially the rider or the like's vertex. From 
the standpoint of its utility, it is preferable that the longitudinal length L-| of the space 21 is 190-250 mm. It is much pref- 

30 arable that Li is 205-235 mm. Further, it is preferable that the lateral length W-i of the space 21 is 150-210 mm. It is 
much preferable that is 1 65-1 95 mm. Thus, it is preferable that length L2 is 80-200 mm. It is much preferable that Lg 
is 100-160 mm. Further, it is preferable that length Wg is 70-170 mm. It is much preferable that Wg is 90-140 mm. 
[0039] In the projection representation shown in Figure 4, it is preferable that the longitudinal length L3 and the lat- 
eral length W3 of the inner subsidiary liner member 33 is within the range of 60-1 00% of the longitudinal length L2 and 

35 the lateral length W2 of the recess 31, respectively. It is much preferable that they are within the range of 75-100%, 
respectively As the lengths L3 and W3 reduce below the above range, the effect of the inner subsidiary liner member 
33 becomes insufficient. 

[0040] As stated before, in the projection representation of Figure 4. the figure of the recess 31 may be substantially 
similar in shape to the space 21 and substantially coaxial with the space 21 . Therefore, length L4 between the front end 
40 of the space 21 and the front end of the recess 31 may be substantially the same as length L5 between the rear end of 
the space 21 and the rear end of the recess 31. Thus, it is preferable that the lengths L4, L5 are each 10-30% of the 
length . It is much peferable that the lengths L4, L5 are each 1 5-25% thereof. Concretely speaking, it is preferable that 
they are 20-65 mm. It is much preferable that they are 30-55 mm. 

[0041] Moreover, length W4 between the left end (the right end in Rgure 4) of the space 21 and the left end of the 
45 recess 31 may be substantially the same as length W5 between the right end of the space 21 and the right end of the 
recess 31. Therefore, it is preferable that the lengths W4, W5 are each 8-28% of the length W^. It is much preferable 
that W4, W5 are each 13-23% thereof. Concretely speaking, it is preferable that W4, W5 are 15-55 mm in length. It is 
much preferable that they are 20-45 mm. 

[0042] As a result of the foregoing, in the projection representation of Figure 4, the recess 31 is inscribed in a sub- 
so stantially rectangular area having longitudinal length Lg and lateral length W2, so that the recess 31 is apart in lengths 
L4 and L5 from the front end and the rear end of the space 21 of the liner 15, respectively, and apart in lengths W4 and 
W5 from the right side end and the left side end thereof, respectively. Thus, the recess 31 is formed only substantially 
in the top portion of the inner surface of the liner 15 and not fonned substantially in the front portion, the right and left 
side portions and the rear portion of the inner surface of the liner 15, so that the formation of the recess 31 does not 
55 worthlessly cause the reduction of the rigidity (that is, the strength) of the whole of the liner 15. 

[0043] It is desirable that the depth of the recess 31 (in other words, the distance between the bottom surface of the 
recess 31 and the original inner surface 23 of the liner 15) is smaller than a half of the original thickness of the liner 15 
(that is, the original thickness of the main liner member 32) and larger than 5 mm. It is preferable that the original thtck- 
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ness of the liner 15 is within 1 5-55 mm and it is much preferable that it is within 25-45 mm as stated before, so that it is 
preferable that the depth of the recess 31 is within 5-30 mm and it is much preferable that it is within 1 0-20 mm. As the 
depths of the recess 31 increase over the above range, the rigidity of the whole of the liner 1 5 reduces, so that when an 
impact is exerted on the liner 15, the dispersion of the impact energy is insufficient. Thus, the bottoming phenomenon 
5 comes to the liner 1 5 due to the impact caused by the collision of a spherical or dully peaked object with the helmet, so 
that the maximum acceleration value will probably rise rapidly On the contrary, as the depths of the recess 31 decrease 
over the above range, the effect of providing the recess 31 becomes gradually insufficient. 

[0044] The depth of the recess 31 may be substantially unlfomri throughout its area, or it may be different in each 
spot: for example.it may be deep only in its central portion and gradually shallow toward its outer periphery. The recess 

10 31 shown In Figure 2 is shallow only near its periphery and uniformly deep in the remaining portion. 

[0045] It is preferable that the thickness of the inner subsidiary liner member 33 is substantially equal to the depth 
of the recess 31 , or larger than the depth of the recess 31 within less than 10 mm in positive number. If the thickness 
of the inner subsidiary liner member 33 is denoted by T and the depth of the recess 31 is denoted by D, it is preferable 
that T is within the range of D - (D + 1 0 mm) and it is much preferable that T is within the range of (D -i- 3 mm) - (D + 7 

75 mm). As the thickness of the inner subsidiary liner member 33 increases over the above range, the amount of the por- 
tion of the inner subsidiary liner member 33, which projects like a plateau from the original inner surface of the main 
liner member 32, is larger, it becomes difficult to wear the head covering 10, On the contrary, as the thickness of the 
inner subsidiary liner member 33 decreases below the above range, the effect of the recess 31 and the inner subsidiary 
liner member 33 becomes insufficient. 

20 [0046] The thickness of the inner subsidiary liner member 33 may be substantially uniform in whole, or may be thick 
or thin in part: for example, it may be thick only in its central portion and gradually becomes thin toward its periphery. In 
the inner subsidiary liner member 33 shown in Figure 2, the thickness is thin only near the periphery and is uniformly 
thick in the remaining portion. 

[0047] As described above, if the recess 31 is provided substantially in the top portion of the inner surface of the 
25 main liner member 32 and the inner subsidiary liner member 33, whose density is lower than that of the main liner mem- 
ber 32, is also provided, the liner 1 5 is easily deformed along the surface of the rider and the like*s vertex in a desirable 
direction owing to the inner subsidiary liner member 33 provided on the inside of the liner 15, when the impact is exerted 
on the head covering 1 0, so that the impact energy can be effectively dispersed throughout the top portion of the liner 
15 so as to be absorbed in the liner 15 and, also, can be effectively absorbed in the compressively deformed liner 15. 
30 Therefore, it is possible to reduce effectively the maximum acceleration exerted on the rider or the like's head and to 
decrease the duration of continuation of the acceleration values that exceeds a predetermined value and, thereby, lower 
the HIC value. 

[0048] Moreover, the liner 15 according to the first embodiment attains a higher degree of freedom on its deforma- 
tion in the any direction along the surface of the rider or the like's head, so that it is possible to form the main liner mem- 

35 ber 32 with higher density foam material as compared with the impact-on-the-head absorbing liner of the conventional 
head covering, in which recess 31 and the inner subsidiary liner member 33 are riot provided. Accordingly, even if the 
thickness of the main liner member 32 decreases due to the formation of recess 31, it does not occur to weaken the 
whole of the liner 15 against the impact caused by the collision with the spherical or dully protruding object. Further, the 
recess 31 is provided only in the top portion having the highest strength in the main liner member 32, so that it does not 

40 occur that the strength of the whole of the liner 15 worthlessly decreases as compared with a liner having such recess 
also in its front portion and its right and left side portions, the strength of which is comparatively small. 
[0049] Example of the head covering shown in Figures 1 -4, according to the first embodiment of this invention, will 
be hereinafter described. 

45 Example 

[0050] A glass fiber impregnated with unsaturated polyester is heated to polymerize in a metal mold in order to form 
a outer shell 12 whose thickness is 3 mm. 

[0051 ] Next, a main liner member 32 of formed polystyrene is formed, the mean thickness of which is 35 mm when 
so it is assumed that it has the original inner surface 23, and whose density is 42 g/lit. In the projection representation 
shown in Figure 4, the longitudinal length Li and the lateral length W-i of the space 21 of this main liner member 32 are 
220 mm and 180 mm, respectively. A recess 31 is provided substantially in the top portion of the inner surface of the 
main liner member 32, and the longitudinal length Lg and the lateral length W2 of the recess 31 are 126 mm 
( L 2/L 1 *^ 0.57 ) and 1 26 mm ( W g/W ^ 0.7 ), respectively. L4 and L3 are both 47 mm and W4 and W5 are both 27 mm. 
55 The depth of the recess 31 is 1 0 mm: that is, it is about 29% of the mean original thickness of the main liner member 32. 
[0052] An inner subsidiary liner member 33 of foamed polystylene is made, whose density is 21 g/lit (50% by den- 
sity of the main liner member 32) and whose thickness is 1 5 mm. This inner subsidiary liner member 33 is of substan- 
tially circular shape, whose longitudinal length L3 and lateral length W3 are each 120 mm (about 95% of the respective 
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longitudinal and lateral lengths L2 and W2 of the recess 31). 

[0053] The inner subsidiary liner member 33 is fitted into the recess 31 of the inner surface of the main liner mem- 
ber 32 and, thus, an impact-on-the-head absort^ing liner 15 is made, in which the inner subsidiary liner member 33 pro- 
trudes substantially like a plateau in height of about 5 mm from the inner surface 23, in itself, of the main liner member 
5 32. Then, the impact-on-the-head absorbing liner 15 is fitted into the outer shell 12 to mal<e a head protector. 
[0054] A comparable example to be compared with the above Example will be hereinafter described. 

Comparable Example 

10 [0055] A head covering made under the same specifications as those disclosed in the Example is provided for the 
comparison, except that both the recess 31 and the inner subsidiary liner member 33 are not provided in the main liner 
member 32, so that the impact-on-the-head absorbing liner comprises only the main liner member, whose inner surface 
is of substantially spherical shape and substantially equal to the imaginary curved surface (that is, the original inner sur- 
face) 23. 

15 [0058] Impact absorbing tests made for the head covering of the Example and Comparable Example will be here- 
inafter described. 

Impact Absorbing Test 

20 [0057] The head covering worn on a head dummy is made to freely fall down on a plane of steel from a height of 
2.9 m, and the maximum acceleration, the period of duration of the acceleration over 150 G, and the HIC value thereof 
are calculated on the basis of the values measured by an accelerometer secured to the head dummy G means gravi- 
tational acceleration and its value is 9.8 m/s^. 

[0058] The following table shows the result of the impact absorbing test in comparison between Example and Com- 
25 parable Example. 





Ex. 


Comp.Ex. 


Max. Acq. (G) 


207 


234 


P. of Duration of Val. over 150 G (nrisec) 


2.58 


3.68 


HIC 


1477 


2032 



35 

[0059] According to the table, it is apparent that the maximum acceleration and HIC of Example is lower than those 
of Comparable Example. 

[0060] A head covering shown in Figures 5-7 according to the second embodiment of this invention will be herein- 
after describe. It is noted that the description of the first embodiment holds good with the second embodiment except 

40 for the different points between them, which will be described below. 

[0061] The head covering according to the second embodiment of this invention (Figures 5-7) is only practically dif- 
ferent from the head covering 1 0 according to the first embodiment (Figures 1 -4) except the structure of the impact-on- 
the-head absorbing liner 15, which comprises the backing member for the head, and the provision of the ventilation 
mechanism, and the remaining structure may be substantially equal to that of the head covering shown in Figures 1 -4. 

45 Thus, the explanation of the remaining structure will be omitted if unnecessary, and the same reference numbers will 
be used to identify the same elements. 

[0062] In the second embodiment of this invention, an impact-on-the-head absorbing liner 1 5 shown in Figures 5-7 
comprises: 

so (1) main liner member 32 that is different from the well-known one in such points that inner recess 31 is disposed 
in its inner surface and outer recess 34 is disposed in its outer surface; 

(2) inner subsidiary liner member 33 fitted into the inner recess 31 so as to be secured to the main liner member 
32; and 

(3) outer subsidiary liner member 35 fitted into the outer recess 34 so as to be secured to the main liner member 32. 

55 

[0063] The main liner member 32 disclosed in the second embodiment is similar to the one disclosed in the first 
embodiment, except that the outer recess 34 and a ventilation mechanism described below are provided. Also the inner 
subsidiary liner member 33 disclosed in the second embodiment is similar to the one disclosed in the first embodiment, 
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except that a ventilation mechanism described below is provided. Further, also the outer subsidiary liner member 35 
disclosed in the second embodiment is formed in such a way as to be similar to the inner subsidiary liner member dis- 
closed in the first embodiment except for the above described and hereinafter described points. In that event, it is pref- 
erable that the outer subsidiary liner member 35 is the same in material as the main liner member 32 and the inner 

5 subsidiary member 33, but it may be different in material from one or all of them, 

[0064] In this second embodiment, the object in providing the outer recess 34 and the outer subsidiary member 35 
lies in the provision of the ventilation mechanism for the head covering 10 and the improvement of the impact energy 
dispersing and absorbing ability as it is done in the inner subsidiary liner member 33. For this purpose, the outer recess 
34 extending from the front portion to the rear portion via the top portion is provided in the main liner member 32. This 

10 outer recess 34 is of substantially spherical shape (but having a spherical surface in part) and, when developed, it is 
substantially in the shape of a rectangle longer along Its longitudinal direction. In addition, its front end 34a is located in 
a position a little above the lower end 36 of the front portion of the main liner member 32, and its rear end 34b is located 
in a position, in a certain degree, above the lower end 37 of the rear portion thereof. 

[0065] The outer recess 34 is shallow substantially in the top portion (the area substantially opposed to the inner 

15 recess 31 ). and deep in the remaining portion. Further, the depth between the above shallow area and the above deep 
area becomes gradually deeper toward its front end 34a and its rear end 34b. In that event, it is preferable that the mean 
depth difference between the shallow area and the deep area is within 2-1 8 mm, and it is much preferable that it is within 
3-1 2 mm. As one example, the shallow area may have a depth of 1 2 mm and the deep area may have a depth of 1 8 mm. 
[0066] In the bottom surface 38 of the outer recess 34, a pair of right and left grooves extend from its front end 34a 

20 to the rear end 34b via the top portion, and their front ends are connected to respective notches 43, 44 formed in the 
front side surface of the outer recess 34. Each groove 41 , 42 has a plurality of through holes 45, 46 (there are three 
holes in the drawing) and, thereby, the grooves 41 , 42 are communicated with the inner recess 31 . Formed in the main 
liner member 32 are a pair of right and left grooves 49. 50 upwardly extending between the rear end 34b of the outer 
recess 34 and the lower end 37 of the rear portion. 

25 [0067] The outer subsidiary liner member 35, which is substantially the same in shape as the outer recess 34 (that 
is, a substantially spherical shape and, when developed, substantially a rectangle longer in its longitudinal direction), is 
fitted into the recess 34 and secured to the main liner member 32 by the help of an adhesive, a tape or the like. In the 
inner surface of the outer subsidiary liner member 35, a pair of right and left grooves 51 , 52, which is to be faced the 
respective grooves 41 , 42 of the main liner member 32, extend throughout its length in the longitudinal direction, so that 

30 formed between the main liner member 32 and the outer subsidiary finer member 35 are a pair of right and left vent 
holes 47, which are formed with the grooves 41 , 42, 51 , 52. These vent holes 47 may be formed only with the grooves 
41 , 42 of the main liner member 32 or only with the grooves 51 , 52 of the outer subsidiary liner member 35. 
[0068] The rear ends of the grooves 51 , 52 are connected to respective notches 53, 54 that pass through the outer 
subsidiary liner member 35 toward its outer surface. In the drawing, each groove 51 , 52 has one through hole 55, 56. 

35 Thereby, the grooves 51 , 52 are communicated with the outer surface of the outer subsidiary liner member 35 in its top 
portion via the through hole 55, 56. In the inner subsidiary liner member 33, there are through holes 57, 58 formed two 
rows (in the drawing there are three holes in each row), and the plurality of through holes 57, 58 in each row are to be 
faced the plurality of through holes 45. 46, formed two rows, of the main liner member 32, respectively. 
[0069] As shown in Figure 5, formed in the outer shell 12 are through holes that are faced the notches 43, 44 of the 

40 main liner member 32, and the through holes 55, 56 and notches 53, 54 of the outer subsidiary liner member 35, 
respectively. Further, secured to these through holes are intake ducts 61 and exhaust ducts 62, 63, respectively. These 
ducts 61, 62, 63 are located in the front portion, the top portion and the rear portion of the liner 15, respectively, and 
may be made of suitable material, such as polycarbonate, polyacetal or other synthetic resin. 

[0070] As shown in Figure 5, the head covering 1 0 according to the second embodiment of this invention has, thus, 
45 a pair of right and left ventilating passages, each having a route: intake duct 61 - notches 43, 44 - vent holes 47 - 
notches 53, 54 - grooves 49, 50 - exhaust duct 63. In addition, these ventilating passages have exhaust bypasses that 
run from intermediate positions of the vent holes 47 to the exhaust ducts 62 via the through holes 55, 56 of the outer 
subsidiary liner member 35, and vent passes that make the intermediate positions of the vent holes 47 communicate 
with the space 21 through the through holes 45, 46 of the main liner member 32 and the through holes 57, 58 of the 
50 inner subsidiary liner member 33. Thus, when shutters (not shown) are opened to open the respective ducts 61 , 62, 63, 
fresh air is taken in the head covering 10 via intake duct 61 and this air can be exhausted from the exhaust ducts 62, 
63 via vent hole 47. In the ordinary state, the air in the space 21 can be exhausted via through holes 57, 58, 45, 46, vent 
hole 47, and through holes 55. 56, and, according to the respective open or closed conditions of the shutters for the 
ducts 61 , 62, 63, the air can be taken in the space 21 of the head covering 1 0 in reverse to the route described above. 
55 Therefore, the above ventilation mechanism guarantees a better ventilation of the head covering 10. 

[0071] In the head covering 10 according to the second embodiment of this invention, the density of the outer sub- 
sidiary liner member 35 is determined to be lower than that of the main liner member 32 so as to improve its impact 
energy dispersing and absorbing ability by the use of the outer subsidiary liner member 35. However, this outer subsid- 
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iary liner member 35 is positioned on the outside of the main liner member 32 and lies not only in the top portion but 
also in the front portion and rear portion of the member 32. so that its density is determined to be higher than that of the 
inner subsidiary liner member 33. 

[0072] In this second embodiment, it is preferable that the density of the main liner member 32 is generally within 
30-100 g/lit and it is much preferable that it is within 40-90 g/lit. It is preferable that the density of the outer subsidiary 
liner member 35 is generally within 20-80% of that of the main liner member 32 and it is much preferable that it is within 
35-65% thereof. Concretely speaking, it is preferable that the density of the outer subsidiay liner member 35 is within 
1 0-70 g/lit and it is much preferable that It is within 1 5-60 g/lit. It is preferable that the density of the inner subsidiary liner 
member 33 is generally within 1 5-75% of that of the main liner member 32 and it is much preferable that it is within 25- 
10 55% thereof. Further, it is preferable that the density of the inner subsidiary liner member 33 is within 35-85% of that of 
the outer subsidiary liner member 35 and It is much preferable that it Is within 46-75% thereof. Concretely speaking. It 
is preferable that the density of the inner subsidiary liner member 33 is within 5-70% g/llt and it Is much preferable that 
it is within 10-50 g/llt. In a practical instance, the respective densities of the main liner member 32, the outer subsidiary 
liner member 35 and the inner subsidiary liner member 33 are 60 g/lit, 30 g/lit and 20 g/lit. 
15 [0073] It is not always necessary that, when developed, the respective configurations of the outer recess 34 and 
the outer subsidiary liner member 35 are substantially rectangular. They may be of substantially elliptical or substan- 
tially elongated circular shape. For example, particularly, when it is unnecessary to provide the ventilation mechanism 
within the head covering 1 0 by means of the outer recess 34 and the outer subsidiary liner member 35, they may be of 
substantially circular, substantially polygonal, substantially star-like or other suitable shape. Further, it is preferable that 
20 the configuration of the outer subsidiary liner member 35 is substantially equal to that of the outer recess 34 or substan- 
tially similar to and a little smaller than that of the outer recess 34, but it is not always necessary to be so. For example, 
when it is unnecessary to provide the ventilation mechanism within the head covering 1 0 by means of the outer recess 
34 and the outer subsidiary liner member 35, the outer recess 34 and the outer subsidiary liner member 35 may be dis- 
posed only substantially in the top portion of the liner 15. In that event, it is possible to make the density of the outer 
25 subsidiary liner member 35 substantially equal to or smaller than that of the inner subsidiary liner member 33. Further, 
the length of the outer recess 34, measured along its longitudinal direction, may be within 45-85% of the longitudinal 
length of the liner 15 like the hereinbefore described ratio of length L2 to length L^, and it is preferable that it is within 
50-70% thereof. 

[0074] Rgure 6 is the projection representation of the plane (the outer subsidiary liner member 35 is indicated in 
30 dot-and-dash line) of the impact-on-the-head absorbing liner 1 5 at the time when the head covering 1 0 worn in the ordi- 
nary stance is projected in the horizonal plane 22. 

[0075] In the projection representation, it is preferable that the lateral length W7 (the length measured in the hori- 
zontal direction in Figure 6) of the outer recess 34 is within 30-80% of the lateral length We of the liner 15 (that is, 
Wy/Wg = 0.3 - 0.8 ) and it is much preferable that it is within 40-70% thereof (that is. Wy/Wg = 0.4 - 0.7 ). From the 
35 point of practical use, it is preferable that the lateral length We of the liner 15 is within 220-280 mm and it is much pref- 
erable that it is within 235-265 mm, so that it is preferable that the lateral length W7 of the outer recess 34 is within 90- 
1 90 mm and it is much preferable that it is within 1 1 0-1 70 mm. In a practical instance, length We is 250 mm and length 
W7 Is 140 mm (that is, Wy/W g = 0.56 ). 

[0076] In the projection representation shown in Figure 6, the lateral length of the outer subsidiary liner member 35 

40 is substantially equal to the lateral length W7 of the outer recess 34 but, in general, it is preferable that the lateral length 
of the member 35 is within 60-1 00% of length W7 and it much preferable that it is within 75-100% thereof. The longitu- 
dinal length of the outer subsidiary liner member 35 (measured in its developed view) is substantially equal to that of 
the longitudinal length, in the developed view, of the outer recess 34, but, in general, it is preferable that the longituianl 
length of the member 35 is within 60-1 00% thereof and it is much preferable that it is within 75-1 00% thereof. 

45 [0077] The lateral length Wg between the left side end (in Figure 6, the right side end) of the liner 15 and the left 
side end of the outer recess 34 may be substantially equal to the lateral length W9 between the right side end of the 
liner 15 and the right side end of the outer recess 34. Therefore, it is preferable that the respective lengths Wg, Wq are 
within 1 0-35% of the length We and it is much preferable that they are respectively within 1 5-30% thereof. Concretely 
speaking, it is preferable that they are respectively within 20-90 mm and it is much preferable that they are respectively 

50 within 35-75 mm. In a practical instance, the lengths Wq, Wq are 55 mm each (that is, Wq/Wq = Wg/Wg % 0.22) . 
[0078] As a result of the foregoing, in the projection representation shown in Figure 6, the outer recess 34 is apart 
in length Wsfrom the left side end of the liner 15 and apart in length Wg from the right side end thereof, so that the outer 
recess 34 is formed only in the front portion, the top portion and the rear portion of the outer surface of the liner 15 and 
not formed in the right and left side portions thereof, so that it does not occur that the fomnation of the outer recess 34 

55 reduces worthlessly the rigidity (that is, the strength) of the whole of the liner 1 5. 

[0079] It is preferable that the distance Le (Figures 5 and 7) between the lower end 36 of the front portion of the liner 
1 5 (in the case of the illustrated jet-type helmet, the upper end of the cut 25 at the center thereof; in the case of the full- 
face-type helmet, the upper side of the opening at the center thereof) and the front end 34a of the outer recess 34 is 
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within 7-50 mm and it is much preferable that it is within 10-40 mm. In a practical instance, the distance Lg is 18 mm. 
The distance Lj (Figure 5) between the lower end 37 of the rear portion of the liner 1 5 and the rear end 34b of the outer 
recess 34 is different in a certain degree, in dependence upon the type of the helmet, such as the illustrated jet-type 
helmet, the semi-jet-type helmet, or the full-face-type helmet but, in general, it Is preferable that the distance Ly is within 
5 7-150 mm and it is much preferable that it is within 10-120 mm. In the jet-type helmet shown in the drawings, it is 60 
mm In a practical instance. 

[0080] It is preferable that the depth of the outer recess 34 (in other words, the distance between the bottom surface 
38 of the outer recess 34 and the original outer surface of the liner 15, where the original outer surface shown in the 
drawings is practically equal to the outer surface of the outer subsidiary liner member 35) is smaller than a half of the 

10 original thiclcness of the liner 15 (that is, the original thicl<ness of the main liner member 32) and larger than 5 mm. It is 
preferable that the original thiclcness of the liner 15 is within 15-56 mm as stated before and it is much preferable that it 
is within 25-45 mm, so that it is preferable that the depth of the outer recess 34 is within 5-30 mm and it is much pref- 
erable that it is within 1 0-20 mm. In a practical instance, the mean depth of the outer recess 34 is 1 0 mm. It is preferable 
that the thickness of the main liner member 32 in the portion where the inner recess 31 is formed in its inner surface 

15 and the outer recess 34 is formed in its outer surface (that is, the distance between the bottom surface of the inner 
recess 31 and the bottom surface 38 of the outer recess 34) is within 20-70% of the original thickness of the main liner 
member 32 and it is much better that it is within 30-60% thereof. Concretely speaking, it it preferable that it is within 5- 
40 mm and it is much preferable that it is within 8-25 mm. In a practical instance, the thickness of the portion (the portion 
where the recesses 31 . 35 are disposed on the inside portion and the outside portion, respectively) of the main liner 

20 member 32 is 7 mm. 

[0081] It is desirable that the thickness of the outer subsidiary liner member 35 is substantially equal to the depth 
of the outer recess 34 as shown in the drawings, but it may be a little smaller or larger than the depth of the outer recess 
34. Further, the depth of the outer recess 34 arid the thickness of the outer subsidiary liner member 35 shown in the 
drawings are deep in a certain extent and shallow in a certain extent but they may be uniform each in whole. 

25 [0082] In the second embodiment described above, not only the inner recess 31 and the inner subsidiary., liner 
member 33 are provided on the inside of the main liner member 32, but also the outer recess 34 and the outer subsid- 
iary liner member 35, whose density value lies between the density values of the main liner member 32 and the inner 
subsidiary liner member 33, are provided on the outside of the main liner member 32. In addition, the ventilation mech- 
anism is Incorporated. Therefore, according to the second embodiment, the maximum acceleration exerted on the rider 

30 or the like's vertex can be effectively reduced and, also, the duration of the appearances of the acceleration values over 
a certain value can be reduced to lower the HIC by the same degree or more as disclosed in the first embodiment Fur- 
ther, the ventilation of the head covering 10 can be improved. 

[0083] Having described a specific preferred embodiments of the present invention with reference to the accompa- 
nying drawings, it is to be understood that the invention is not limited to that precise embodiments, and that various 
35 changes and modifications may be effected therein by one skilled in the art without departing from the scope or spirit 
of the invention as defined in the appended claims. 

[0084] For example, the safety helmet capable of applying this invention is not limited to the jet-type helmet dis- 
closeid in the first and second embodiments, but this invention can be applied to the seml-jet-type helmet the full-face- 
type helmet or other types of the helmet. 
40 [0085] Moreover, in the first and second embodiments described above, many grooves may be formed in lattice-like 
arrangement or other suitable arrangement in either or both of the inner surface of the inner subsidiary liner member 33 
and the outer surface of the outer subsidiary liner member 35 and, thereby, the impact energy dispersing and absorbing 
ability of the liner 15 may be further improved. 

[0086] Moreover, in the first and second embodiments, either or both of the inner recess 31 and the outer recess 
45 34 may be more than one in number and either or both of the inner subsidiary liner member 33 and the outer subsidiary 
liner member 35 may be correspondingly more than one in number, 

[0087] Moreover, the inner recess 31 and the outer recess 34 (including the inner subsidiary liner member 33 and 
the outer subsidiary liner member 35) may be provided in one or more than one of the front portion, the top portion, the 
rear portion, and the right and left portions of the impact alasorbing liner 15. 

50 

Claims 

1. A head protector (10) for a safety helmet comprising an outer shell (12) made of hard material and an impact-on- 
the-head absorbing liner (15) an^nged on the inside of the outer shell (12), whereas 

55 

the impact absorbing liner (1 5) comprises a main liner member (32) and an inner subsidiary liner member (33), 
an inner recess (31) is provided in the inner surface of the main liner member (32), and 
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the inner subsidiary liner nnember (33) is fitted into the inner recess (31). 

characterized in that 

the main liner member (32) and the inner subsidiary liner member (33) are each formed with synthetic resin 
foam, whereas the density of the inner subsidiary liner member (33) is within 20 - 80% of that of the main liner 
member (32). 

2. A head protector according to claim 1 , characterized in that the top face of the inner subsidiary liner member (33) 
contacts the base of the inner recess (31) so that no gap is formed between the member (33) and the base of the 
recess (31). 

3. A head protector according to claim 1 or 2, characterized in that the inner subsidiary liner member (33) is a single 
product 

4. A head protector according to anyone of claims 1 - 3, characterized in that the density of the inner subsidiary liner 
member (33) is within 35 - 65% of that of the main liner member (32). 

5- A head protector according to anyone of claims 1-4, characterized in that 

the density of the main liner member (32) is within 20 - 80 g/lit, preferably within 30 - 70 g/lit. and 

the density of the inner subsidiary line member (33) is within 5 - 50 g/lit, preferably within 1 0 - 40 g/lit. 

6. A head protector according to anyone of claims 1 - 5, characterized in that 

the depth (D) of the inner recess (31 ) is smaller than 30 mm and larger than 5 mm, preferably within 1 0 - 20 
mm. 

7. A head protector according to anyone of claims 1-6, characterized in that 

the depth (D) of the inner recess (31) is smaller than half of the original thickness of the impact absorbing liner 
(15). 

8. A head protector according to anyone of claims 1 - 7, characterized in that 

when the depth of the inner recess (31 ) is denoted by D, the thickness (T) of the inner subsidiary liner member 
(33) is within D - (D + 10 mm), preferably within (D + 3 mm) - (D + 7 mm). 

9. A head protector according to anyone of claims 1 - 8, characterized in that when it is assumed that the inner recess 
(31) is not disposed, the original thiclcness of the main liner member (32) is within 15-55 mm, preferably within 25 
-45 mm. 

10. A head protector according to anyone of claims 1-9, characterized in that 

the inner recess (31 ) is provided in a predetemnined area which includes at least the top portion of the Inner 
surface of the main liner member (32) but does not substantially include at least the front portion thereof. 

11 . A head protector according to anyone of claims 1 -1 0, characterized in that 

the preditermined area includes only substantially the top portion of the inner surface of the liner (15). 

12. A head protector according to anyone of claims 1-11. characterized in that 

the longitudinal length (L2) of the predetermined area, shown in a pnDjection representation of the bottom sur- 
face of the liner (1 5) at the time when the head protector (1 0) that is worn by a person in the ordinary stance is 
projected on the horizontal plane (22), is within 40 - 80%, preferably within 50 - 70% of the longitudinal length 
(Li) of the space (21). to be occupied by the person's head, of the liner (15); 
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the lateral length (Wg) of the predetermined area, shown in the projection representation, is within 45 - 85%, 
preferably within 55 - 75% of the lateral length (W^) of the space (21 ); 

the longitudinal length (L4) between the front end of the space (21) and the front end of the predetermined 
5 area, and the longitudinal length (L5) between the rear end of the space (21 ) and the rear end of the predeter- 

nnined area, both shown in the projection representation, are within 1 0 - 30%. preferably within 15 - 25% of the 
longitudinal length (L^) of the space (21); and 

the lateral length (W4) between the left end of the space (21) and the left end of the predetermined area, and 
10 the lateral length (W5) between the right end of the space (21) and the right end of the predetermined area. 

both shown in the projection representation, are within 8 - 28%, preferably within 13 - 22% of the lateral length 
(Wi)of the space (21). 

13. A head protector according to anyone of claims 1*12, characterized in that 

IS 

the inner recess (31 ) is of substantially elliptical or substantially elongated circular shape prolonged in the sub- 
stantially longitudinal direction of the head protector (10), or of substantially circular shape, and 

the substantially elliptical, substantially elongated circular or substantially circular inner recess (31 ) is inscribed 
20 in the predetermined area. 

14. A head protector according to claims 12 or 13, characterized in that 

the longitudinal length (L3) and the lateral length (W3) of the inner subsidiary liner nnember (33). both shown in 
25 the projection representation, are within 60 - 100%, preferably within 75 - 1 00% of the longitudinal length (L2) 

and the lateral length (W2) of the inner recess (31), respectively. 

15. A head protector according to anyone of claims 10-14, characterized in that 

30 the longitudinal length (L2) of the predetermined area, shown in the projection representation, Is within 8 - 200 

mm, preferably within 100 - 1 60 mm, 

the lateral length (W2) of the predetermined area, shown in the projection representation, is within 8 - 200 mm, 
preferably within 1 00 - 1 60 mm, 

35 

the lateral length (W2) of the predetermined area, shown in the projection representation, is within 70-170 
mm, preferably within 90 - 140 mm. 

16. A head protector according to anyone of the claims 1 or 15, characterized in that 

40 

the impact absorbing liner (15) further comprises an outer subsidiary inner member (35), whose density lies 
between the densities of the main liner member (32) and the inner subsidiary liner member (33), 

an outer recess (34) is provided in the outer surface of the main liner member (32), and 

45 

the outer subsidiary liner member (35) is fitted into the outer recess (34). 

17. A head protector according to claim 16, characterized in that 

so the main liner member (32), the inner subsidiary liner member (33). and the outer subsidiary liner member (35) 

are each formed with synthetic resin foam, 

the density of the outer subsidiary liner member (35) is within 20 - 80%. preferably within 35 - 65% of that of 
the main liner member (32), and the density of the Inner subsidiary liner member (33) is within 15 - 75%, pref- 
55 erably within 25 - 55 % of that of the main liner member (32), and is within 35 - 85%, preferably within 45 - 75% 

of that of the outer subsidiary liner member (35). 

18. A head protector according to claims 16 or 17, characterized in that 
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the density of the main liner member (32) is within 30-100 g/lit, preferably within 40 - 90 g/lit. 

the density of the outer subsidiary liner member (35) is within 1 0 - 70 g/lit, preferably within 1 5 - 60 g/lit, and 

the density of the inner subsidiary liner member (33) is within 5 - 70 g/lit, preferably within 1 0 - 50 g/lit. 

19. A head protector according to anyone of claims 16-18, characterized in that 

the mean depth of the outer recess (34) Is smaller than a half of the original mean thickness of the impact 
absorbing liner (15) and larger than 5 mm, preferably within 10-20 mm. 

20. A head protector according to anyone of claims 16-19, characterized in that 

the original thiclcness of the main liner member (32) at the time when it is assumed that the inner recess (31) 
and the outer recess (34) are not provided is within 15-55 mm, preferably within 25 - 45 mm. 

21. A head protector according to anyone of claims 16-20, characterized in that 

the thiclcness of the portion of the main liner member (32), where the inner recess (31) and the outer recess 
(34) are formed in its inner surface and outer surface, respectively, is within 20 - 70%, preferable within 30 - 
60% of the original thickness of the main liner member (32). 

22. A head protector according to anyone of claims 1 6 - 21 , characterized in that 

the outer recess (34) is provided in a second predetermined area, where the front portion, the top portion and 
the rear portion of the inner surface of the main liner member (32) are included, and the right and left side por- 
tions thereof are not substantially included. 

23. A head protector according to anyone of claims 16-22, characterized in that 

at least one vent hole (47) is disposed between the main liner member (32) and the outer subsidiary liner mem- 
ber (35). 

the vent hole (47) extends from the front portion to the rear portion of the impact absorbing liner (15) via the 
top portion thereof, and 

first communicating means (43, 44, 61 ) for communication between the vent hole (47) and the outer surface of 
the front portion of the outer shell (12), and second communicating means (49, 50, 53, 64, 63) for communica- 
tion between the vent hole (47) and the outer surface of the rear portion of the outer shell (12) are provided. 

24. A head protector according to claim 23, characterized in that 

third communicating means (55, 62) for communication between the vent hole (47) and the outer surface of the 
top portion of the outer shell (12), 

and fourth communicating means (45, 46, 57, 58) for communication between the vent hole (47) and the space 
(21 ) of the impact absorbing liner (1 5) are further provided. 

25. A head protector according to anyone of claims 22 - 24, characterized in that 

the lateral length (W7) of the second predetermined area, shown in a projection representation of the plane of 
the liner (15) at the time when the head protector (10) that is worn by a person in the ordinary stance is pro- 
jected on the horizontal plane (22), is within 30 - 80%, preferably within 40 - 70% of the lateral length (We) of 
the impact absorbing liner (15); 

the lateral length (Wq) between the left end of the impact absorbing liner (15) and the left end of the second 
predetermined area, and the lateral length (Wg) between the right end of the impact absorbing liner (15) and 
the right end of the second predetemiined area are each within 1 0 - 35%, preferably within 1 5 - 30% of the lat- 
eral length (We) of the impact absorbing liner (15); 
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the distance (Lg) between the lower end (36) of the front portion of the impact absorbing liner (15) and the front 
end (34a) of the outer recess (34) is within 7 - 50 mm, preferably within 10 - 40 mm; and 

the distance (L7) between the lower end (37) of the rear portion of the impact absorbing liner (15) and the rear 
5 end (34b) of the outer recess (34) is within 7-150 mm, preferably within 10-120 mm. 

26. A head protector according to anyone of claims 16-25, characterized in that 

the depth of the outer recess (34) is shallow in the area substantially opposed to the inner recess (31 ) and deep 
10 in the remaining area. 

27. A head protector according to anyone of claims 1 6 - 26, characterized in that 

when developed, each of the outer recess (34) and the outer subsidiary liner member (35) Is of substantially 
15 rectangular, substantially elliptical or substantially elongated circular shape, prolonged in the substantially lon- 

gitudinal direction. 

28. A head protector according to anyone of claims 25 - 27, characterized in that 

20 the lateral length of the outer subsidiary liner member (35), shown in the projection representation, is within 60 

- 100%, preferably within 75 - 100% of the lateral length (W7) of the outer recess (34), and 

the longitudinal length, when developed, of the outer subsidiary liner member (35) is within 60 - 100%, prefer- 
ably within 75 - 100% of the longitudinal length, when developed, of the outer recess (34). 

29. A helmet comprising the head protector specified in any one of claims 1 - 28. 
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(54) Safety helmet and a head protector therefor 

(57) A head protector for a safety helmet, in which 
its impact-on-the-head absorbing liner (15) comprises a 
main liner member (32) and an inner subsidiary liner 
member (33), whose density is lower than that of the 
main liner member (32). a recess (31 ) is provided in the 
inner surface of the main liner member (32), and the in- 



ner subsidiary liner member (33) is fitted into the inner 
recess (31). Said main liner member (32) and inner sub- 
sidiary liner member (33) are each formed with synthetic 
resin foam, whereas the density of the inner subsidiary 
liner member (33) is within 20.80% of that of the main 
liner member (32). 
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